, specimens of the flatfish, Limanda limanda (dab), and the asteroid echinoderm, Asterias rubens (seastar), were collected at sampling locations along transects radiating into the North Sea from the coastal zone of The Netherlands. In homogenates of liver tissue from male dab and the digestive gland (pyloric caeca) of female seastar, DNA damage (strand breaks) and induction of the cytochrome P450-dependent monooxygenase system (MO) were determined. Areas could be described with significantly increased percentages of strand breaks (lower integrity) both in dab and seastar. However, enhanced DNA strand breaks did not correspond with contamination gradients, expressed as concentrations of polychlorinated biphenyls (PCBs) or polyaromatic hydrocarbons. MO enzyme induction in the hepatic 1 3,000g fraction of male dab, measured as 7-ethoxyresorufin-O-deethylase activity, was significantly enhanced in response to low ambient temperatures. Some evidence was found for the facilitation of benzola]pyrene hydroxylase activity expressing the enzyme induction in the microsomal fraction of pyloric caeca of seastars, at increasing PCB concentrations. DNA integrity and enzyme induction elucidate the physiologic status and might be indicative for ambient impairment within restricted areas, and not necessarily related to the presence of anthropogenic or xenobiotic substances. -Environ Health Perspect 1 02 (Suppl 121:37-43 (1994) 
Introduction
The anthropogenic contaminant load in the world's marine systems induces detrimental environmental conditions, affecting the biologic integrity of ecosystems as well as physiologic functions of individual organisms. In particular, biologically critical estuarine and coastal systems are exposed most intensively to a high degree of contamination. In (1) .
To assess the quality of the (marine) environment, it is important to evaluate the impact of chemical substances in terms of molecular responses reflecting the potential for impairment of physiologic and biologic processes in exposed organisms. With respect to the application of toxicologic effects for the assessment of environmental health, research on biologic markers (or biomarkers) is most relevant, since it includes the determination of the physiologic status of organisms. However, the ecologic significance of biomarkers has remained largely undocumented until now. Biomarkers have been defined in many ways, and the implementation of biomarker-based studies in ecotoxicologic research and environmental monitoring programs increases more and more (2, 3) . A biologic marker can be defined as a change in a biologic response measured in biologic systems ranging from molecular through biochemical, cellular, and physiologic responses to behavioral changes, and which can be related to an exposure to, or toxic effect of, an environmental chemical or chemicals. The strategy for biomarker research and the application, implementation, and validation of biomarker-based studies in the assessment of environmental health and in ecotoxicologic studies have been discussed extensively (3) .
In the context presented here, biologic markers will be defined as measurements of responses of molecules (DNA and two cytochrome P450-dependent enzymes), that indicate the presence and magnitude of toxicants in molecular or biochemical terms (integrity of genetic material and induction of biotransformation enzymes, respectively).
According to a hypothesis for pollutant monitoring in the context of occupational (human) health (4) (7) (8) (9) .
Induction ofDetoxifying Systems
Many contaminants stimulate specific detoxification mechanisms, such as the cytochrome P450-dependent monooxygenase (MO) enzyme system. Higher enzyme levels or activity is evidence of a molecular response to toxicant exposure. In this system, cytochrome P4501A plays a central role in the metabolism of a variety of xenobiotics (such as PCBs or polyaromatic hydrocarbons [PAHs] ) and has been found to be a very sensitive biomarker in aquatic animal species (10, 11) .
The aim of the present study was to describe the quality of the coastal and offshore area of the southern part of the North Sea in terms of molecular and biochemical responses. The present study investigated DNA integrity and the induction of the cytochrome P450-dependent MO enzyme system in two marine animal species, collected from their natural habitat. DNA Figure 1 ). The area of study reflected a gradient from estuarine and coastal zones, considered to be highly contaminated with polychlorinated biphenyls (PCBs) and/or polyaromatic hydrocarbons (PAHs) (stations 10, 11, 14, 17) to (expected) pristine open-sea reference sites (stations 4, 5, 6). Details on the treatment of the samples and sample preparation for biochemical and chemical analysis are described elsewhere (12, 13) .
Strand breaks in DNA isolated either from liver tissue of dabs or from the pyloric caeca of seastars were measured by an alkaline unwinding assay (14) . To assess the level of strand breaks in aquatic species the alkaline unwinding assay was modified to allow for the isolation of intact highly polymerized DNA and the subsequent strand breaks (15) . The technique is based on the time-dependent partial alkaline unwinding of DNA followed by determination of the [double:total] DNA ratio (F-value).
The assays for the determination of EROD in dab liver were performed according to the procedures described previously (16) , and were carried out in samples diluted with 0.1% albumin in 0.1 M phosphate buffer, pH 7.4, containing 0.5 pIM of 7-ethoxyresorufin and 0.15 mM NADPH. The method is based on the fluorometric determination of EROD activity in the 13,000gsupernatant fraction of liver tissue homogenates, and expressed as (23) and the concentration of (1-OH-pyr, expressed as the arithmetic mean ± standard deviation, in ng/ml) in bile of dab (24), DNA integrity (F-value, expressing the fraction double-stranded DNA ± 95% confidence interval (N-1 degrees of freedom), and enzyme induction (BPH activity in pmole/min/g wet weight ± SD, and EROD activity in nmole/min/mg protein ± SD), in seastars and dab.hNo data available; the concentration of 1-OH-pyr in bile from other flatfish was high: 240 and 120 ng/ml in flounder and plaice, respectively (24 Further details on the procedure for sample extraction, clean-up, fractional separation of most pesticides and PCBs, the gas-chromatographic analysis, and the interpretation of chromatograms with respect to the identification and quantification of individual chlorinated biphenyl (CB) congeners is documented elsewhere (12, 19 
Results and Discussion
The sampling stations were characterized by the degree of contamination expressed as the sum concentration of four CB-congeners (14CB), out of the many analyzed. These congeners are the diortho CB101 (2,2',4, 5, 5'-pentachlorobiphenyl), the mono-ortho CB118 (2,3',4,4',5-pentachlorobiphenyl), the diortho CB153 (2,2',4,4',5,5'-hexachlorobiphenyl) and the monoortho CB105 (2,3,3',4,4'-pentachlorobiphenyl), and were selected because their environmental occurrence is well established and they show well-separated noncoeluting peaks in the chromatogram. The congeners represent two levels of overall chlorination and differ in the site of the chloro-atom substitution on the biphenyl skeleton. They are given here in sequence of elution in the chromatogram and numbered according to IUPAC rules, as suggested by Ballschmiter and Zell (20) .
Distinct concentration gradients in the North Sea, along transects perpendicular to the Dutch coast, were described for PCBs and PAHs in water, sediment, and organisms (21) . Such gradients were also described for the concentration of individ- ual CB congeners in dab and in seastars (12, 22) . The data on the sum concentration of the congeners CB1O1, -118. -153 and -105 (14CB), considered in the present study (Table 1) Figure  3a ) and seastar (Figure 3c ), nor between Y4CB and the EROD and BPH activity in dab ( Figure 3b ) and seastar (Figure 3d) Considering the data carefully (Table 1 ; Figure 3 ), groups of stations could be described on the basis of aberrant F-values and EROD or BPH activity. With respect to DNA integrity in dab (Figure 3a) 1-OH-pyr in the bile of dab (24) . Reduced DNA integrity (0.7 < F< 0.8) in dab liver tissue was related either to enhanced concentrations of PAHs in the bulk sediment or 1-OH-pyr in the bile (Figure 3a ; stations 3, 4, 10, 11, 12) . Pronounced high DNA integrity (F2 0.9) was found in dab from the reference sites (stations 5, 6), with low Y4CB (235-260 ng/g lipid) in muscle tissue, relatively low PAHs (42-82 ng/g dry weight) in sediment and a low 1-OHpyr concentration (10-20 ng/ml) in bile (Table 1) . Also, the DNA integrity in dab from station 7 was high (F= 0.87), at little enhanced 14CB concentration and low 24PAH concentration in sediment and in spite of a high 1-OH-pyr concentration (Table 1) . However, the DNA integrity in dab from any particular station could not be explained by any one of these parameters. The EROD activity in the hepatic 13,000g supernatant fraction of dab sampled at the off-shore stations 4, 6, and 7 ( Figure 3b ) was significantly higher (p<0.05) than in all other, both coastal and off-shore stations (13) . To test for differences in EROD activity between the sampling locations, statistical analyses were performed on log-transformed data using a Least Significant Difference Bands test and Hochberg's GT2 test for multiple comparisons of means (25) . The data on EROD activity were confirmed by the results obtained from the semiquantitative determination of CYPIA protein levels (13 (13) .
Seastars showed a high DNA integrity in areas (stations 5, 16) with the lowest concentrations of both Y4PCB and X24PAH (Figure 3c ). Sampling locations, in particular stations 4 and 8, showing low DNA integrity (F= 0.4) had high concentrations (270-420 ng/g dry weight) of PAHs in sediment. In seastars from the coastal zone (stations 10, 11, 12, 17) with high X4CB and intermediate EPAH concentrations in the sediment (Table 1) , a low DNA integrity was established (0.4 < F< 0.5) (Figure 2c) , which compares the F-value in specimens from stations 4, 8, and 9.
The data on the induction of the MO system in female seastars, measured as the hydroxylation of benzo [a] pyrene (BPH activity) are summarized in Figure 3d . In spite of the restricted number of samples analyzed, some evidence for the inductive effect of PCB congeners was found. At (2, (9) (10) (11) (12) (13) 17, 26) .
However, under natural conditions, the magnitude of this impact is obscured by all types of environmental conditions and thus difficult to establish. Well-designed dose-response experiments often establish significant correlations and, even more important, they can help elucidate the toxic action of a chemical. On the contrary, it is very difficult to describe doseresponse relationships in the field. On the basis of the present data the next example can be given. In the seastar, considerable differences in the DNA integrity were described, whereas the differences in BPH activity were small, with one exception (Figure 3d) excluded, because of the low lipid content of the pyloric caeca. (Figure 5b ). PAH levels in the pyloric caeca were not measured in the present study, but in other field studies concentrations were found (27) in the range causing MO induction in laboratory studies (17) . Not including station 5, the significant correlation (p < 0.05; linear regression, r= 0.879, n = 5) between the BPH activity and the F-value (Figure 5c) 
